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INTERACTIVE PROJECTION APPARATUS
AND THE POSITIONING METHOD OF THE
INTERACTIVE PEN

TECHNICAL FIELD

The invention generally relates to an interactive projection
apparatus, and in particular relates to a method of the identi-
fication of the installation mode (front-projective, rear-pro-
jective, ceiling-type, and desktop-type) and of the positioning
of the interactive pen and its implementing device thereof
based on automatic correction.

BACKGROUND

With the fast development of computer technology, multi-
media apparatus is ever more widely used for displaying a
rich plurality of contents, such as texts, sound, image and
video. Correspondingly, projection apparatus capable of dis-
playing big image finds wide applications and quick devel-
opment. The inability of early stage projection systems to
enable interaction between man and screen limits the scope of
application, especially in the case of teaching in the class-
room and game entertaining. This makes the need for inter-
action and real-life experience cannot be satisfied.

At present, there are two kinds of interactive projection
systems at home and broad, which are technically mature, one
is based on electronic whiteboard, and the other one employs
interactive device. The former is designed with touch screen,
infrared array, electromagnetic induction, and laser scanning,
and other techniques. Albeit with high positioning depend-
ability and precision, its dependence on specially made pro-
jection screens excludes the possibility of inter-operations on
each projection plane, and results in inconvenience of instal-
lation and usage as well as high cost. By contrast, the projec-
tion system employing an interactive pen to position the pen
point precisely via the interactive pens and the corresponding
receivers, has no prerequisite for the projection plane, are
capable of writing and touch operations in any projection
plane, and are therefore receiving ever more attraction and
affirmation.

The interactive projection system mainly consists of a con-
trol and processing unit, a memory unit, a projection unit, an
image acquisition unit, and a projection plane, wherein the
control and processing unit is connected via communication
connections with the image acquisition unit, the projection
unit, and the memory unit; the projection unit is employed for
displaying image information on the projection plane; the
image acquisition unit is employed for collecting image infor-
mation on the projection plane and for transmitting the col-
lected data information to the control and processing unit; the
memory unit stores correction image, text data, correction
formulas, and coordinate transformation programs.

An interactive projection system requires position correc-
tion before usage, and manual operation is the common cur-
rently adopted measure. The control and processing unit,
subsequent to receiving a correction instruction, invokes cor-
rection data on the memory unit, and actuates the projection
unit to project correction image onto the projection plane. The
correction image on the projection plane has calibration
points arranged in rectangular array mode, with one calibra-
tion point arranged in each of the four corners of the correc-
tion image, wherein the horizontal calibration points are
spaced apart with a same distance, and the vertical calibration
points are spaced apart with a same distance. The calibration
points appear one by one (each correction image with one
calibration point, with each of the plurality of correction
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image appears one by one; or each of the plurality of calibra-
tion points in a correction image appears one by one), and by
employing an interactive pen to click these calibration points
one by one manually, and to collect the absolute coordinate of
each of the calibration point via the image acquisition unit, a
manual position correction is realized, albeit being a low
efficient correction wasting large amount of time and man
power.

Another method of position correction is automatic correc-
tion, wherein the control and processing unit, after receiving
a correction instruction, invokes a correction image in the
memory unit or storage area of the computer connected with
the projector. The correction image is shown in FIG. 1, with
standard black squares arranged in rectangular array mode
(with one black square at each of the four corners of the
correction image, the horizontal black squares being spaced
apart with a same distance, the vertical black squares being
spaced apart with a same distance). The correction image is
projected onto the projection plane by the projection unit, the
positions of the black squares thereof are captured by the
image acquisition unit, and their absolute coordinates on the
projection plane are obtained, thereby arriving at a same
effect as the manual correction with manual clicking with an
interactive pen. Such a method of automatic correction is
convenient, saves time, and increases the efficiency of posi-
tion correction. However, compared with manual correction,
the automatic correction has no means of knowing the starting
position of the calibration points. Further, viewed from the
coordinate system (the XY coordinate system) constructed by
the horizontal centerline and the vertical centerline of the
correction image, the black squares of the correction image
are longitudinally and laterally symmetric, and hence with the
employment of the automatic correction, the projected image
is the same, regardless of whether the projector is placed on a
desktop or hung up in the ceiling, or whether the projection
system is front-projective or rear-projective; and therefore the
installation mode of the projection system is not identifiable,
resulting in incapability of precise positioning of the position
of the interactive pen point.

SUMMARY

The technical problem for the present invention to solve is
to provide an interactive projection apparatus and a position-
ing method of the projection device, to quickly identity the
installation method of the projection device of an interactive
projection apparatus employing the automatic correction, so
as to precisely calculate the position on the image to be
projected corresponding to the clicking position of the inter-
active pen on the projection image in interactive projection.

To solve the above-mentioned technical problem, the inter-
active projection apparatus provided by the present invention
includes a projection device for displaying an image on the
projection plane, a control unit for transmitting said image to
the projection device, an interactive pen, and an image acqui-
sition device for collecting information of the projection
image on the projection plane and the coordinate of the posi-
tion indicated by the interactive pen on the projection image;
the control unit includes a processing unit, an automatic cor-
rection unit, a position identification unit, and a coordinate
transformation unit, said processing unit is connected respec-
tively to the automatic correction unit, the position processing
unit, and the coordinate transformation unit; the automatic
correction unit is employed for corresponding correction of
the coordinate of the correction projection image collected by
the image acquisition device against the coordinate of the
correction image on the control device; the position identifi-
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cation unit identifies the installation mode of the projection
device according to the relation between a position identifi-
cation image and a position identification projection image
projected onto the projection plane, said position identifica-
tion image being stored in the position identification unit or in
a computer connected with the projection device, wherein
with the horizontal centerline of the position identification
image being regarded as the X-axis, the vertical centerline
thereof being regarded as the Y-axis, the position identifica-
tion image is longitudinally asymmetric about the X-axis, and
laterally asymmetric about the Y-axis; the coordinate trans-
formation unit is employed for calculating the coordinate on
the image to be projected corresponding to the coordinate of
the position indicated by the interactive pen on the projection
image. Preferably, the position identification image has at
least one positioning calibration point or positioning calibra-
tion block, said positioning calibration point or positioning
calibration block is located in a quadrant of the rectangular
coordinate system constructed by the X-axis and the Y-axis.

Wherein the correction image has calibration points or
calibration blocks arranged in a rectangular array mode, the
calibration points or calibration blocks are longitudinally
symmetric about the horizontal centerline of the correction
image, and are laterally symmetric about the vertical center-
line of the correction image. Preferably, there is arranged one
calibration point or calibration block in each of four corners
of the correction image, and the calibration points or the
calibration blocks are spaced apart with a same distance hori-
zontally, and are spaced apart equidistantly vertically. Inaddi-
tion, preferably, the position identification image is formed
by removing the calibration points or calibration blocks of the
correction image in a quadrant of a rectangular coordinate
system constructed by the horizontal centerline and the ver-
tical centerline of the correction image.

The present invention further provides a positioning
method of the interactive pen of the interactive projection
apparatus, including correcting the position of a coordinate
automatically, identifying the installation mode of the projec-
tion device, and calculating the position indicated by the
interactive pen;

for correction of the position of the coordinate, firstly
projecta correction image onto the projection plane, secondly
collect the correction projection image on the projection
plane, and lastly correct the coordinate of the correction pro-
jection image against the coordinate of the correction image;

for identification of the installation mode of the projection
device, firstly project a position identification image onto the
projection plane, secondly collect the position identification
projection image on the projection plane, and lastly identify
the installation mode of the projection device according to the
relation between the position identification projection image
and the position identification image;

for calculation of the position indicated by the interactive
pen, calculate the coordinate on the image to be projected
corresponding to the coordinate of the position on the projec-
tion image indicated by the interactive pen, subsequent to
collecting the coordinate of the position indicated by the
interactive pen on the projection image;

Wherein, with the horizontal centerline of the position
identification image as the X-axis, the vertical centerline
thereof as the Y-axis, the position identification image is
longitudinally asymmetric about the X-axis and is laterally
asymmetric about the Y-axis.

Wherein, firstly perform automatic correction of the coor-
dinate of the position, secondly perform identification of the
installation mode of the projection device, and lastly calculate
the position indicated by the interactive pen according to the
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automatic correction of the coordinate of the position and the
identification of the installation mode of the projection
device; or firstly perform identification of the installation
mode of the projection device, secondly perform automatic
correction of the coordinate of the position, and lastly calcu-
late the position indicated by the interactive pen according to
the identification of the installation mode of the projection
device and the automatic correction of the coordinate of the
position.

Wherein the projection device is defined as front-projec-
tive and desktop-type when the position identification projec-
tion image and the position identification image are in a
scaling relation; and the projection device is defined as front-
projective and ceiling-type if the image of the position iden-
tification image revolving 180 degree about a line perpen-
dicular thereto is in a scaling relation with the position
identification projection image; the projection device is
defined as rear-projective and desktop-type if the lateral mir-
roring image of the position identification image about the
Y-axis is in a scaling relation with the position identification
projection image; the projection device is defined as rear-
projective and ceiling-type if the longitudinal mirroring
image of the position identification image about the X-axis is
in a scaling relation with the position identification projection
image.

Further, the coordinate (X,,Y,) of the position indicated by
the interactive pen on the projection image corresponds with
a corresponding coordinate (X,, Y,) on the image to be pro-
jected when the projection device is front-projective and
desktop-type, then, the corresponding coordinate on the
image to be projected is (-X,, —Y,) when the projection
device is front-projective and ceiling-type; the corresponding
coordinate on the image to be projected is (-X,, Y,) when the
projection device is rear-projective and desktop-type; the cor-
responding coordinate on the image to be projected is (X,
-Y,) when the projection device is rear-projective and ceil-
ing-type.

In the foregoing method, the processing unit may firstly
control the automatic correction unit to perform position cor-
rection, next control the position identification unit to per-
form identification of the installation mode of the projection
device, and lastly perform coordinate transformation accord-
ing to the correction of the automatic correction unit and the
identification of the position identification unit. Apparently,
the processing unit may firstly control the position identifi-
cation unit to perform identification of the installation mode
of'the projection device, next control the automatic correction
unit to perform position correction, and lastly perform coor-
dinate transformation according to the identification of the
position identification unit and the correction of the automatic
correction unit.

The interactive projection apparatus of the present inven-
tion is employable on any projection plane, by means of
automatic position correction via a correction image, and is
capable of precisely identifying the installation mode of the
projection device via a position identification image which is
longitudinally and laterally asymmetric, prior to or subse-
quent to the automatic correction.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a correction image employed by the interactive
projection apparatus in automatic correction;

FIG. 2 is a structural diagram of the interactive projection
apparatus based on automatic correction and positioning of
the present invention;
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FIG. 3 is a position identification image employed by the
interactive projection apparatus in position identification;

FIG. 4 is a flowchart of the interactive projection apparatus
of the present invention for positioning the interactive pen;

FIG. 5 is another flowchart of the interactive projection
apparatus of the present invention for positioning the interac-
tive pen.

DETAILED DESCRIPTION

In combination with the above-mentioned Figures and the
embodiments hereunder provided, detailed descriptions of
the present invention will be further expounded.

The interactive projection apparatus provided by the
present invention is shown in FIG. 2, which comprises a
projection device for displaying an image on the projection
plane, a control device for transmitting said image to the
projection device, an interactive pen, and an image acquisi-
tion device for collecting information of the projection image
on the projection plane and the coordinate of the position
indicated by the interactive pen on the projection image;

the control device includes a processing unit, an automatic
correction unit, a position identification unit, and a coordinate
transformation unit, said processing unit is connected to the
automatic correction unit, the position identification unit, and
the coordinate transformation unit; the control device
includes but is not limited to a PC, an SCM, or an embedded
system,

the automatic correction unit is employed for correspond-
ing correction of the coordinate of the correction projection
image collected by the image collection device against the
coordinate of the correction image on the control device;

the position identification unit is employed for identifica-
tion ofthe installation mode of the projection device, wherein
a position identification image is stored, with the horizontal
centerline of the position identification image being regarded
as the X-axis, the vertical centerline thereof being regarded as
the Y-axis, the position identification image is longitudinally
asymmetric about the X-axis, and laterally asymmetric about
the Y-axis; preferably, the position identification image has at
least one positioning calibration point or positioning calibra-
tion block, said positioning calibration point or positioning
calibration block is located in a quadrant of the rectangular
coordinate system constructed by the X-axis and the Y-axis.
Certainly, the position identification image may also be stored
in a computer connected with the projection device;

the coordinate transformation unit is employed for calcu-
lating the coordinate on the image to be projected correspond-
ing to the coordinate of the position indicated by the interac-
tive pen on the projection image, said mage to be projected
may, but is not limited to, be stored in the control device, or
stored in a computer connected to the projection device.

Wherein, the correction image has calibration points or
calibration blocks arranged in a rectangular array mode, said
calibration points or calibration blocks are longitudinally
symmetric about the horizontal centerline of the correction
image, and are laterally symmetric about the vertical center-
line of the correction image. Preferably, there is arranged in
each of four corners of the correction image one calibration
point or calibration block, and the calibration points or the
calibration blocks are spaced apart with a same distance hori-
zontally, and are again spaced apart equidistantly vertically.
Calibration points or calibration blocks of commonly-used
correction images are 5x5 and 7x7 arrays. The position iden-
tification image is formed by deleting the calibration points or
calibration blocks of the correction image in a quadrant of a
rectangular coordinate system constructed by the horizontal
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centerline and the vertical centerline of the correction image.
That is, firstly perform automatic correction, and next per-
form position identification, the automatically corrected
image is maintained for a certain duration of time subsequent
to the completion of the automatic correction, and a certain
calibration point or calibration block in a certain quadrant of
the correction image is deleted; or, the position identification
image has at least one calibration point or calibration block,
said calibration points or calibration blocks are located within
a quadrant or multiple quadrants of the rectangular system
constructed by the X-axis and the Y-axis, so long as the
calibration points or calibration blocks are longitudinally
asymmetric about the X-axis and are laterally asymmetric
about the Y-axis. Preferably, on consideration of identifica-
tion speed, the position identification image employs one
positioning calibration block, as shown in FIG. 3, the posi-
tioning calibration block is located in a quadrant of the posi-
tion identification image, thus meeting the requirement of the
position identification image being longitudinally asymmet-
ric about the X-axis and laterally asymmetric about the
Y-axis.

The positioning method of the interactive pen of the inter-
active projection apparatus based on automatic correction of
the present invention comprises correcting the position of a
coordinate automatically, identifying the installation mode of
the projection device, and calculating the position indicated
by the interactive pen;

for correction of the position of the coordinate, firstly
project a correction image onto the projection plane, secondly
collect the correction projection image on the projection
plane, and lastly correct the coordinate of the correction pro-
jection image against the coordinate of the correction image;

for identification of the installation mode of the projection
device, firstly project a position identification image onto the
projection plane, secondly collect the position identification
projection image on the projection plane, and lastly identify
the installation mode of the projection device according to the
relation between the position identification projection image
and the position identification image;

for calculation of the position indicated by the interactive
pen, calculate the coordinate on the image to be projected
corresponding to the coordinate of the position on the projec-
tion image indicated by the interactive pen, subsequent to
collecting the coordinate of the position indicated by the
interactive pen on the projection image.

Wherein, firstly perform automatic correction of the coor-
dinate of the position, secondly perform identification of the
installation mode of the projection device, and lastly calculate
the position indicated by the interactive pen according to the
automatic correction of the coordinate of the position and the
identification of the installation mode of the projection
device; or firstly perform identification of the installation
mode of the projection device, secondly perform automatic
correction of the coordinate of the position, and lastly calcu-
late the position indicated by the interactive pen according to
the identification of the installation mode of the projection
device and the automatic correction of the coordinate of the
position.

Wherein the projection device is defined as front-projec-
tive and desktop-type when the position identification projec-
tion image and the position identification image are in a
scaling relation; and the projection device is defined as front-
projective and ceiling-type if the image of the position iden-
tification image revolving 180 degree about a line perpen-
dicular thereto is in a scaling relation with the position
identification projection image; the projection device is
defined as rear-projective and desktop-type if the lateral mir-
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roring image of the position identification image about the
Y-axis is in a scaling relation with the position identification
projection image; the projection device is defined as rear-
projective and ceiling-type if the longitudinal mirroring
image of the position identification image about the X-axis is
in a scaling relation with the position identification projection
image.

The processing unit of the control device may decide the
sequence of automatic correction and position identification
according to settings and needs, that is, it may first control the
automatic correction unit to perform position correction, and
next control the position identification unit to perform iden-
tification of the installation mode of the projection device (as
is shown in FIG. 4), or it may first control the position iden-
tification unit to perform identification of the installation
mode ofthe projection device, and next control the automatic
correction unit to perform position correction (as is shown in
FIG. 5), and the corrected and positioned projection system
performs coordinate transformation according to the identi-
fication of the position identification unit and the correction
of'the automatic correction unit. As examples, the coordinate
(X,,Y,) of'the position indicated by the interactive pen on the
projection image corresponds with the corresponding coor-
dinate (X,,Y,) on the image to be projected when the projec-
tion device is front-projective and desktop-type, then, the
corresponding coordinate on the image to be projected is
(-X5, —Y,) when the projection device is front-projective and
ceiling-type; the corresponding coordinate on the image to be
projected is (-X,, Y,) when the projection device is rear-
projective and desktop-type; the corresponding coordinate on
the image to be projected is (X,, —Y,) when the projection
device is rear-projective and ceiling-type. Subsequent to the
correction and positioning, a user in an interactive projection
setting may click with an interactive pen on a given position
of the projection image, and the projection system shall be
capable of precisely identifying the coordinate of the position
on the original image, thus be capable of interaction.

The present invention is thus further expounded with spe-
cific embodiments, which are meant to be examples of the
preferred embodiments thereof, but are not meant to be limi-
tations therefore. Without departing from the principle of the
present invention, equivalent substitutes or improvements to
the composition of the projection apparatus, to the distribu-
tions or colors of the calibration points or calibration blocks
of the position identification image or the correction image,
shall be regarded as within the scope of protection of the
present invention.

The invention claimed is:

1. An interactive projection apparatus, comprising: a pro-
jection device that displays an image on a projection plane, a
control device that transmit the image to the projection
device, an interactive pen, and an image acquisition device
that collects a projection image on the projection plane and
collecting a coordinate indicated by the interactive pen on the
projection image; wherein, the control device includes a pro-
cessing circuit, an automatic correction circuit, a position
identification circuit, and a coordinate transformation circuit,
and the processing circuit is connected respectively to the
automatic correction circuit, the position identification cir-
cuit, and the coordinate transformation circuit; the automatic
correction circuit is configured to correct a coordinate of a
correction projection image collected by the image acquisi-
tion device against a coordinate of a correction image of the
control device; the position identification circuit identifies an
installation mode of the projection device according to a
relation between a position identification image and a posi-
tion identification projection image projected onto the pro-
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jection plane, a horizontal centerline of the position identifi-
cationimage being regarded as an X-axis, a vertical centerline
of the position identification image being regarded as a
Y-axis, the position identification image is longitudinally
asymmetric about the X-axis, and is laterally asymmetric
about the Y-axis; the coordinate transformation circuit is con-
figured to calculate a coordinate of an image to be projected
corresponding to a coordinate pointed by the interactive pen
on the projection image.

2. The interactive projection apparatus according to claim
1, wherein the correction image includes calibration points or
calibration blocks arranged in a rectangular array mode, the
calibration points or the calibration blocks being longitudi-
nally symmetric about the horizontal centerline of the correc-
tion image, and being laterally symmetric about the vertical
centerline of the correction image.

3. The interactive projection apparatus according to claim
2, wherein there is arranged one calibration point or calibra-
tion block in each of four corners of the correction image, and
the calibration points or the calibration blocks are spaced
apart with a same distance horizontally, and are spaced apart
equidistantly vertically.

4. The interactive projection apparatus according to claim
2, wherein the position identification image is formed by
removing the calibration points or calibration blocks of the
correction image in a quadrant of a rectangular coordinate
system constructed by the horizontal centerline and the ver-
tical centerline of the correction image.

5. The interactive projection apparatus according to claim
1, wherein the position identification image has at least one
positioning calibration point or positioning calibration block
located in one quadrant of a rectangular coordinate system
constructed by the X-axis and the Y-axis.

6. The interactive projection apparatus according to claim
1, wherein the projection device is defined as front-projective
and desktop-type when the position identification projection
image and the position identification image are in a scaling
relation, then, if an image of the position identification image
revolving 180 degrees about a line vertical thereto is in a
scaling relation with the position identification projection
image, the projection device is front-projective and ceiling-
type; if a laterally mirroring image of the position identifica-
tion image about the Y-axis is in a scaling relation with the
position identification projection image, the projection
device is rear-projective and desktop-type; and if a vertically
mirroring image of'the position identification image about the
X-axis is in a scaling relation with the position identification
projection image, the projection device is rear-projective and
ceiling-type.

7. The interactive projection apparatus according to claim
6, wherein the coordinate of the position pointed by the inter-
active pen on the projection image being (X,,Y ), has a cor-
responding coordinate on the image to be projected being
(X,,Y,) when the projection device is front-projective and
desktop-type, then, when the projection device is front-pro-
jective and ceiling-type, the corresponding coordinate on the
image to be projected is (-X,,-Y,); when the projection
device is rear-projective and desktop-type, the corresponding
coordinate on the image to be projected is (-X,,Y,); and
when the projection device is rear-projective and ceiling-
type, the corresponding coordinate on the image to be pro-
jected is (X,,-Y5).

8. The interactive projection apparatus according to claim
1, wherein the processing circuit firstly controls the automatic
correction circuit to perform position correction, secondly
controls the position identification circuit to perform identi-
fication of the installation mode of the projection device, and
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lastly performs coordinate transformation according to the
position correction of the automatic correction circuit and the
identification of the position identification circuit.

9. The interactive projection apparatus according to claim
1, wherein the processing circuit firstly controls the position
identification circuit to perform identification of the installa-
tion mode of the projection device, secondly controls the
automatic correction circuit to perform position correction,
and lastly performs coordinate transformation according to
the identification of the position identification circuit and the
position correction of the automatic correction circuit.

10. A positioning method of an interactive pen of an inter-
active projection apparatus, comprising: correcting a position
of a coordinate automatically, identifying installation mode
of a projection device, and calculating a position pointed by
the interactive pen, wherein correcting a position of the coor-
dinate automatically includes, projecting a correction image
onto a projection plane, collecting a correction projection
image on the projection plane, and correcting a coordinate of
the correction projection image against a coordinate of the
correction image; identifying installation mode of a projec-
tion device, including, projecting a position identification
image onto the projection plane, collecting a position identi-
fication projection image on the projection plane, and identi-
fying the installation mode of the projection device according
to a relation between the position identification projection
image and the position identification image; and calculating a
position indicated by an interactive pen including, calculating
a coordinate on an image to be projected corresponding to the
coordinate of the position on the projection image indicated
by the interactive pen, subsequent to collecting the coordinate
of'the position pointed by the interactive pen on the projection
image, wherein, a horizontal centerline of the position iden-
tification image being regarded as the X-axis, a vertical cen-
terline thereof being regarded as the Y-axis, the position iden-
tification image is longitudinally asymmetric about the
X-axis and is laterally asymmetric about the Y-axis.

11. The positioning method of the interactive pen of the
interactive projection apparatus according to claim 10,
wherein the correction image has calibration points or cali-
bration blocks arranged in a rectangular array mode, the
calibration points or calibration blocks being longitudinally
symmetric about the horizontal centerline of the correction
image, and being laterally symmetric about the vertical cen-
terline of the correction image.

12. The positioning method of the interactive pen of the
interactive projection apparatus according to claim 11,
wherein there is arranged one calibration point or calibration
block in each of four corners of the correction image, and the
calibration points or the calibration blocks are spaced apart
with a same distance horizontally, and are spaced apart equi-
distantly vertically.

13. The positioning method of the interactive pen of the
interactive projection apparatus according to claim 11,
wherein the position identification image is formed by
removing the calibration points or calibration blocks of the
correction image in a quadrant of a rectangular coordinate
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system constructed by the horizontal centerline and the ver-
tical centerline of the correction image.

14. The positioning method of the interactive pen of the
interactive projection apparatus according to claim 10,
wherein the position identification image has at least one
positioning calibration point or positioning calibration block
located in one quadrant of a rectangular coordinate system
constructed by the X-axis and the Y-axis.

15. The positioning method of the interactive pen of the
interactive projection apparatus according to claim 10,
wherein the projection device is defined as front-projective
and desktop-type when the position identification projection
image and the position identification image are in a scaling
relation, then, the projection device is defined as front-pro-
jective and ceiling-type if an image of the position identifi-
cation image revolving 180 degrees about a line vertical
thereto is in a scaling relation with the position identification
projection image; the projection device is defined as rear-
projective and desktop-type if a lateral mirroring image ofthe
position identification image about the Y-axis is in a scaling
relation with the position identification projection image; the
projection device is defined as rear-projective and ceiling-
type if a longitudinal mirroring image of the position identi-
fication image about the X-axis is in a scaling relation with the
position identification projection image.

16. The positioning method of the interactive pen of the
interactive projection apparatus according to claim 15,
wherein the coordinate (X,Y,) of the position pointed by the
interactive pen on the projection image corresponds with a
corresponding coordinate (X,,Y,) on the image to be pro-
jected when the projection device is front-projective and
desktop-type, then, the corresponding coordinate on the
image to be projected is (-X,,-Y,) when the projection
device is front-projective and ceiling-type; the corresponding
coordinate on the image to be projected is (-X,,Y,) when the
projection device is rear-projective and desktop-type; and the
corresponding coordinate on the image to be projected is
(X5,—-Y,) when the projection device is rear-projective and
ceiling-type.

17. The positioning method of the interactive pen of the
interactive projection apparatus according to claim 10, fur-
ther comprising: firstly performing automatic correction of
the coordinate of the position; secondly performing identifi-
cation of the installation mode of the projection device; and
lastly calculating the position indicated by the interactive pen
according to the automatic correction of the coordinate of the
position and the identification of the installation mode of the
projection device.

18. The positioning method of the interactive pen of the
interactive projection apparatus according to claim 10,
wherein performing identification of the installation mode of
the projection device includes: performing automatic correc-
tion of the coordinate of the position; and calculating the
position indicated by the interactive pen according to the
identification of the installation mode of the projection device
and the automatic correction of the coordinate of the position.
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